ABSTRACT Objectives: To examine the associations of maternal pre-pregnancy body mass index (BMI) and gestational weight gain (GWG) with neonatal high birth weight (HBW) in a sample of Chinese women living in southwest China.
Methods:
A hospital-based case-control study was conducted in Chongqing, China. A total of 221 mothers who delivered HBW babies (>4.0 kg) were recruited as cases and 221 age-matched (2-year interval) mothers with normal birth weight babies (2.5-4.0 kg) were identified as controls. ORs were estimated using conditional logistic regression analysis. For the analysis, pre-pregnancy BMI was categorised as underweight/normal weight/overweight and obesity and GWG was categorised as inadequate/appropriate/ excessive.
Results: Among the cases, mean pre-pregnancy BMI was 21.8±2.8 kg/m 2 , mean GWG was 19.7±5.1 kg and mean neonatal birth weight was 4.2±0.2 kg. In the controls, the corresponding values were 21.1±3.1 kg/ m 2 , 16.4±5.0 kg and 3.3±0.4 kg, respectively. More cases than controls gained excessive weight during pregnancy (80.1% vs 48.4%, p<0.001). No significant association was found between pre-pregnancy BMI and HBW babies (OR=1.04, 95% CI 0.97 to 1.11; p>0.05). GWG was positively related to HBW after adjustment for gravidity, gestational age, newborns' gender and family income (OR=1.18, 95% CI 1.12 to 1.25; p<0.001). The adjusted OR of delivering HBW babies was 5.39 (95% CI 2.94 to 9.89; p<0.001) for excessive GWG versus appropriate GWG. This OR was strengthened among pre-pregnancy normal weight women (OR=10.27, 95% CI 3.20 to 32.95; p<0.001).
Conclusions: Overall, the findings suggest a significantly positive association between GWG and HBW. However, pre-pregnancy BMI shows no independent relationship with HBW.
BACKGROUND
Birth weight has important correlations with later-life outcomes. [1] [2] [3] In the past 20 years, interest in the potential health risks associated with high birth weight (HBW, >4 kg) have increased. 4 Many studies have shown that HBW is associated with several health problems in the perinatal period and in later life; these complications include dystocia and neonatal deaths, 5 birth trauma and asphyxia, 6 obesity, 7 hypertension, 8 diabetes mellitus 9 10 and cancer. 11 The incidence of HBW babies has increased in recent years. [12] [13] [14] Evidence has shown that several factors are linked to HBW, such as maternal smoking, drinking habits and pre-pregnancy care quality and policy. [15] [16] [17] Among these factors, high pre-pregnancy body mass index (BMI) and excessive gestational weight gain (GWG) have been reported as two well-established risk factors for adverse pregnancy outcomes. 15 18-23 A recent systematic review 24 indicated that the risk of having an outcome related to HBW was almost triple among
Strengths and limitations of this study
▪ This research is the first hospital-based casecontrol study to examine the associations among pre-pregnancy body mass index (BMI), gestational weight gain and the risk of delivery of high birth weight (HBW) babies in a sample of Chinese women living in southwest China, where women have lower weight and lower gestational weight gain than women living in most other areas of China. ▪ Few lifestyle factors were collected in this study, thereby possibly limiting the adjustment of confounding factors. This deficiency might have introduced some bias. ▪ No gender-matched design (compared with controls, cases produced more male babies) and the absence of maternal nutrition data are other significant limitations of this study.
pre-pregnancy obese women in comparison with normal weight women (OR=2.00, 95% CI 1.84 to 2.18). A large sample study 25 (with a total of 53 541 single, live infants delivered) conducted in white, black and Hispanic women in western countries found that the risk for HBW increased with increasing GWG in all prepregnancy BMI categories, and the magnitude of risk varied according to BMI status. 25 Thus, further insights into the joint effect of pre-pregnancy BMI and GWG on neonatal birth weight should be explored.
Women in developing countries have a lower weight and less GWG than those in developed countries. 26 27 Typically, in remote areas of China, such as Chongqing, a southwestern city nearby the Si Chuan province, women have a lower weight and lower GWG 15 than those from most other areas of China. We wondered how women's pre-pregnancy BMI and GWG status affected neonatal birth weight in this area and whether it differed from results of previous studies conducted in other populations and countries? To date, no comparable studies have focused on this population. Therefore, we investigated the associations of pre-pregnancy BMI and GWG with neonatal HBW and estimated the strength of association among different pre-pregnancy BMI and GWG groups in the women living in Chongqing, China.
METHODS

Study setting and participants
This hospital-based case-control study was conducted from March 2010 to March 2012 at four hospitals in Chongqing. Local women with singleton term pregnancies and live infants delivered qualified as potential participants for this study. The sample size calculation was based on the probability of exposure ( pre-pregnancy BMI: overweight and obesity was 13.88%) 28 among sampled control subjects and the correlation coefficient for exposure between matched cases and controls (0.2). A sample of 199 case subjects was needed. With a matching ratio of 1:1 for control subjects, the total sample of 398 subjects can achieve 80% power to detect an OR of 2.50 versus the alternative of equal odds using a χ 2 test with 0.05 significance level.
Inclusion criteria for the cases were (1) women with 37-42-week gestation period living births (singleton term pregnancies and live infants delivered); (2) newborn with a HBW of >4.0 kg); 29 (3) no congenital diseases, gastrointestinal malformations or cardiovascular diseases; (4) household long-term residents of Chongqing and (5) mothers with uncomplicated, singleton pregnancies. Exclusion criteria were (1) gestational age of >42 or <37 weeks; (2) placenta previa or preeclampsia; (3) mothers with gestational diabetes or medical disorders, such as diabetes mellitus, chronic hypertension, cardiac or endocrine disorders and surgical conditions; (4) birth deficiencies, gastrointestinal disease deformity, cardiovascular diseases and neonatal hypoxic-ischaemic encephalopathy (severe); (6) having necrotising enterocolitis and other neurological and gastrointestinal diseases after birth; (7) non-long-term residents of Chongqing household registration (<3 years) and (8) hospitalisation of >30 days. Hospitalised pregnant women who met the above inclusion and exclusion criteria were recruited as cases. One age-matched (±2 years) hospital-based control subject, selected from the same hospitals, was recruited for each case. The same inclusion and exclusion criteria were applied to the control subjects, except for the delivery of HBW babies; control subjects had to have a delivery of normal birth weight babies of 2.5-4.0 kg). 29 A total of 221 cases and 221 controls were recruited. Written informed consent was obtained from each participant. The study protocol was reviewed and approved by the institutional ethics committee of Chongqing Medical University, China.
Measures
Mothers' ages (identified from the identity card), height, pre-pregnancy body weight, body weight at delivery and reproductive characteristics (gravidity, parity, mode of delivery, prenatal genetic diseases, pregnancy duration, frequency of prenatal examination, blood pressure and pregnancy complications), as well as newborns' information, including birth weight, birth length, gender and gestational age, were all extracted from the participants' hospital medical records. These variables were objectively measured by professional healthcare staff. A face-to-face interview was also conducted by trained medical staff and graduate students from the Chongqing Medical University to obtain parents' demographic data and other information, including mothers' and fathers' education level, occupation, monthly income, as well as fathers' age, height and weight.
Gestational age was calculated from the first day of the last menstrual period or taken from the dating ultrasound scan performed before 20 weeks of pregnancy. Pre-pregnancy BMI was calculated as pre-pregnancy weight (kg) divided by squared height (m 2 ). GWG was calculated from the maternal body weight at delivery and pre-pregnancy body weight as recorded on the hospital medical records. According to the Chinese maternal prepregnancy BMI status, 30 pre-pregnancy BMI was categorised as underweight (<18.5 kg/m ). In accordance with the 2009 IOM GWG recommendations, 31 GWG was defined as one of three types: inadequate, appropriate and excessive. Inadequate GWG was considered as gaining weight of <12.5 kg for underweight mothers, <11.5 kg for normal weight, <7.0 kg for overweight and <5.0 kg for obese mothers. Appropriate GWG was considered as gaining weight of 12.5-18.0 kg for underweight, 11.5-16.0 kg for normal weight, 7.0-11.5 kg for overweight and 5.0-9.0 kg for obese mothers. Excessive GWG was defined as gaining weight of >18.0 kg for underweight, >16.0 kg for normal weight, >11.5 kg for overweight and >9.0 kg for obese mothers. 31 
Statistical analyses
Descriptive characteristics of variables were expressed as means and frequencies. Student's t test was used to examine the differences of means for continuous variables and Pearson's χ 2 test was performed to compare the categorical variables between cases and controls. Conditional logistic regression models were used to calculate ORs and 95% CIs for being HBW by one unit increase in pre-pregnancy BMI (kg/m 2 ) and GWG (kg), respectively; the ORs and CIs of each pre-pregnancy BMI category (underweight/normal weight/overweight and obesity) and each GWG category (inadequate/ appropriate/excessive) were also calculated, with the normal weight category and appropriate GWG category serving as references after adjusting for the potential confounding variables. Interaction terms of prepregnancy BMI and GWG were constructed and tested in the multivariate model. Linear trends across increasing categories were tested by assigning categories as continuous variables in the regression. To determine whether the effect of GWG on birth weight was modified by pre-pregnancy BMI, we conducted stratified analysis by separating the participants into underweight, normal weight, overweight and obesity categories according to their pre-pregnancy BMI status. All statistical analyses were performed with SPSS V.22.1 for Windows (SPSS Inc, Chicago, Illinois, USA). All reported probabilities ( p values) were two sided, with p<0.05 considered statistically significant.
RESULTS
A total of 235 eligible cases and 232 matched controls were recruited from four hospitals in Chongqing. During the interview period, 14 cases and 11 controls left the study. Finally, 221 cases and 221 controls were involved in the analysis. Among the cases, the mean neonatal birth weight was 4.2±0.2 kg, the mean prepregnancy BMI was 21.8±2.8 kg/m 2 and the mean GWG was 19.7±5.1 kg. In the controls, the mean neonatal birth weight was 3.3±0.4 kg and the mean pre-pregnancy BMI and GWG were 21.1±3.1 kg/m 2 and 16.4±5.0 kg, respectively. Other basic characteristics of the participants are listed in table 1. Up to 45% (199/442) of participants' gestational age was determined by the dating ultrasound scan. This proportion was similar in cases and controls (44.3% vs 45.7%, p>0.05). Significant differences were seen in the gravidity, gestational age, gender of newborn, GWG and family income between the cases and controls (all p<0.05). No significant differences were found in the pre-pregnancy BMI, parity, father's age, father's BMI, maternal age, maternal education level, maternal work and family history of diabetes (all p>0.05). Table 2 shows the mean GWG on the basis of different categories of pre-pregnancy BMI in the cases and controls. On average, cases had a 3.4 kg and 3.7 kg higher GWG than controls in the pre-pregnancy underweight and normal weight categories, respectively (both p<0.01). No significant difference in GWG was found between cases and controls in the pre-pregnancy overweight/obese category ( p>0.05). Table 3 and figure 1 further show the number of cases and controls in different GWG categories. Figure 1 also illustrates the distribution of pre-pregnancy BMI status in each GWG category. Among the cases, 80.1% (177/221) of subjects had excessive weight gain during pregnancy, in comparison with 48.4% (107/221) in the controls. The χ 2 test showed a significant difference between the cases and controls (table 3) ( p<0.001). The result indicated that the cases were more likely to gain excessive weight than the controls during pregnancy. However, the cases and controls showed no significantly different distributions according to their pre-pregnancy BMI categories ( p>0.05).
The ORs of being HBW by one unit increase in prepregnancy BMI and GWG are presented in table 4. The crude odds was 16% greater with each kilogram of GWG (OR=1.16, 95% CI 1.10 to 1.21; p<0.001). Given that the gravidity, gestational age and gender of the newborns were significantly different between the cases and controls, these variables were adjusted in the model as confounders. After adjusting for these factors, the OR for GWG increased slightly to 1.18 (95% CI 1.12 to 1.25) and remained stable when further adjusted for prepregnancy BMI (combined model). No significant association between pre-pregnancy BMI and HBW was found, with or without adjustment for the covariates (all p>0.05). No significant interaction existed between prepregnancy BMI and GWG on neonatal birth weight ( p>0.05). In the stratified models by pre-pregnancy BMI status, a strengthened association between GWG and HBW was found among pre-pregnancy normal weight women (OR=1.20, 95% CI 1.10 to 1.31; p<0.001). However, the associations were not statistically significant among pre-pregnancy underweight and overweight/ obese women (both p>0.05). Table 5 shows the ORs of being HBW for different categories of pre-pregnancy BMI and GWG, as well as for GWG subgroups among pre-pregnancy normal weight mothers. Compared with mothers who had normal weight before pregnancy, those who were underweight before pregnancy seemed less likely to produce HBW babies (adjusted OR=0.86, 95% CI 0.43 to 1.72), but the association was not statistically significant ( p>0.05). Furthermore, no significant association was found between overweight/obesity and HBW (adjusted OR=1.16, 95% CI 0.63 to 2.14; p=0.634). For the GWG categories, HBW was positively associated with the increased hierarchy of GWG ( p trend<0.001 in both models with and without adjustment). Compared with the appropriate GWG, the adjusted OR of being HBW for the excessive GWG was 5.39 (95% CI 2.94 to 9.89; p<0.001). When we stratified the participants for subgroup analysis according to their pre-pregnancy BMI status, we found that the association of excessive GWG with HBW was strengthened among pre-pregnancy normal weight mothers; the adjusted odds was 10.3 times greater than that for appropriate GWG mothers (adjusted OR=10.27; p<0.001) with a wide CI of 3.20 to 32.95. Given the limited number of underweight, overweight and obese participants in the cases and controls (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) , the sample size was too small for further stratified analysis to calculate OR by three GWG subgroups among these two pre-pregnancy BMI categories (eg, the inadequate GWG subgroup among underweight category had only three cases and five controls). Therefore, the corresponding data are not shown. Values are shown as mean±SD or number (%). BMI, body mass index; HBW, high birth weight; NBW, normal birth weight; RMB, renminbi (¥).
DISCUSSION
We examined the associations between pre-pregnancy BMI, weight gain during pregnancy and delivery of HBW babies in a sample of Chinese women living in southwest China. We found a positive relationship between GWG and HBW, in which a higher weight gain during pregnancy predicted a higher probability of delivering HBW babies. Excessive GWG was the most significant factor associated with the delivery of HBW babies in this study. We found no significant association between pre-pregnancy BMI and HBW, but we found that the effect of GWG on birth weight was modified by pre-pregnancy BMI status. The strongest GWG-HBW association existed in the pre-pregnancy normal weight women who gained excessive weight during pregnancy. Maternal nutrition is critical for fetal growth and development. In our study, the average GWG was 14.2 kg among normal weight women with normal birth weight babies; our finding was lower than found in a recent publication, which indicated an average weight gain of 16.2 kg in the same BMI category of women who lived in Beijing. 32 Chongqing is a southwestern city in China and Beijing is the capital. The above finding is consistent with a previous study, 15 indicating that women who live in remote areas of China have a relatively lower GWG, which reflects the discrepancy of living conditions and nutrition status in different areas of China. In our study, the weight gain of the cases during pregnancy was higher than that of the controls in pre-pregnancy overweight and obese women (18.0 kg vs 15.8 kg). However, the difference was not statistically significant. We suggest that the small sample size in this group might have led ‡Combined model was constructed to calculate the adjusted ORs by putting pre-pregnancy BMI and GWG (both as continuous variables) into one model. Gestational age, gender of newborn, gravidity and family income were adjusted as covariates. The interaction between pre-pregnancy BMI and GWG was examined. ¶The association between GWG and HBW was analysed according to different pre-pregnancy BMI statuses. §The interaction term = pre-pregnancy BMI × GWG. BMI, body mass index; GWG, gestational weight gain; HBW, high birth weight. †Mean and SD in each category of maternal pre-pregnancy BMI (kg/m 2 ) and gestational weight gain (kg). ‡The p trend was generated from analysis of linear trends across increasing categories, which were tested by assigning categories as continuous variables in the regression. The sequence of categories was as follows: underweight, normal weight, overweight and obese for maternal pre-pregnancy BMI; and inadequate, appropriate, excessive for gestational weight gain. GWG, gestational weight gain; HBW, high birth weight; NBW, normal birth weight.
to insufficient power to detect the difference. Nevertheless, GWG was higher in cases than in controls in both underweight and normal weight groups, indicating that the mothers with neonatal HBW were more likely to gain more weight during pregnancy, whether or not they were underweight or had normal weight before pregnancy.
We found no significant positive association between pre-pregnancy BMI and birth weight. This finding was in contrast to most previous studies, 15 19 22 23 33-36 probably because our study was conducted in a remote area of China, with a different population and different access to healthcare and resources. When we analysed the association by grouping the BMI into three categories, no significant association was found between pre-pregnancy overweight/obesity and HBW, or between pre-pregnancy underweight and HBW. GWG had a more important role in the delivery of HBW babies. Findings from logistic regression analysis indicated that GWG had significant effect on neonatal birth weight, as higher GWG was associated with a higher risk of HBW. This finding is consistent with many previous studies.
15 [37] [38] [39] However, when we examined the effect of modification of prepregnancy BMI on the GWG-HBW association, we obtained a statistically significant association only among pre-pregnancy normal weight participants. The limited sample size in the other two BMI subgroups (underweight and overweight/obese) might have led to insufficient power to detect the effect. Nevertheless, the significant association between GWG and HBW across all prepregnancy BMI ranges suggests that a reasonable weight gain is important during pregnancy, whether the women are thin, obese or of normal weight during the prepregnancy period. Thus, women should gain appropriate weight during pregnancy according to their BMI status. 40 In our study, pre-pregnancy normal weight women with excessive GWG had high odds of having HBW babies, suggesting that average-sized women should pay more attention to their diets and lifestyle during pregnancy.
The mechanism of maternal pre-pregnancy and prenatal anthropometric parameters affecting neonatal birth weight is unclear. Possible explanations include hormone levels, such as obesity-related insulin resistance and genetic factors, both of which have been shown to be associated with abnormal birth. The co-presence of undetected disease during pregnancy, such as type 2 or gestational diabetes, is another possible cause. Efforts should be devoted to the management of maternal anthropometric parameters during pre-pregnancy and the prenatal period to achieve normal BMI before pregnancy and keep the weight gain in an appropriate range during pregnancy.
The worldwide epidemic of adolescent and adult chronic diseases might be a result of our lifestyle of inadequate activity and poor diet but might also be induced at a much earlier stage in life. 41 As it is relatively difficult to achieve long-term lifestyle changes for the treatment of chronic disease, preventing diseases at an early stage of life is important. The potential for intrauterine treatment and prevention of abnormal fetal weight, possibly through lifestyle measures before and during gestation, should become a focus of research for short-and long-term prevention of adult chronic diseases. Consequently, previous studies have highly recommended prenatal care before pregnancy. 42 Prevention rather than treatment may be the best choice to eliminate the vicious cycle of adult chronic metabolic diseases before and during pregnancy.
In our study, the absence of a gender-matched design (compared with controls, cases had more male babies) is a limitation in the selection of a comparable control group. Despite any common limitations inherent in the case-control study, our study also has some particular limitations. First, given the small sample of pre-pregnancy overweight and obese participants, we were unable calculate the OR for each GWG subgroup. Second, we used two methods to calculate gestational age, which might have led to some measurement bias. However, we suggest that the influence of this on the main results was negligible because comprehensive adjustment (including adjustment for gestational age) was made in subsequent regression analysis. Nevertheless, consistent methods of measuring gestational age are suggested for future studies. Third, maternal nutrition data were not considered in this study. Maternal nutrition is strongly associated with prepregnancy BMI and GWG and detailed information might have further elucidated the results. In addition, details of some potentially confounding factors, such as smoking and alcohol consumption during pregnancy, were not collected in the study. Nevertheless, we suggest that this deficiency would not overturn the findings.
In summary, our study showed a significantly positive association between GWG and HBW. However, there was no independent relationship between pre-pregnancy BMI and HBW. Individualised pre-pregnancy care and prenatal care for women with different BMI and GWG statuses is warranted. The study can be developed further by designing interventions to control the appropriate weight gain during pregnancy in this population.
